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$\mathrm{t}$ ff
$m_{j}$ (>0) Klein-Gordon
$(\square +m_{j}^{2})u_{j}=F_{j}(u, u’, u’’)$ , $t>0,$ $x\in$ il $d$ , $j=1,$ $\cdots,$ $N$
, . $u=(u_{j})_{1<j\leq N}$ $\mathrm{R}^{N}$
, $u’=(\partial_{t,x}^{\alpha}u_{j})_{|\alpha|=1,1<j<N}$ , $u”=(\partial_{t,x}^{\alpha}u_{j})_{|\alpha|=2,1\leq j<N}$ , $\overline{t2}-\Delta$ ,
$F_{j}$ $(u, u’, u^{ll})$ , $p$
( $p\geq 2$ ; ) :
$\exists_{C>0},$ $\exists\sigma>0\mathrm{s}.\mathrm{t}$ . $\sum_{j=1}^{N}|$Fy $(u, u’, u”)|\leq C$ ( $|u|+|$u$’|+|$u$\prime\prime|$ ) $p$ for $|$u $|+|$u$’|+|$u” $|\leq\sigma$ .









(Klein-Gordon $p>1+ \frac{2}{d}$ ) ,
, (
[4] 7 ). < $(p \leq 1+\frac{2}{d})$




$\langle$ . $p \leq 1+\frac{2}{d}$ ,











$t>0,$ $x\in \mathbb{R}$ ,
$(\square +m_{j}^{2})u_{j}=u_{j-1}^{2}$ $(j=1, \cdots, N)$ ,
($u_{j},$ $\partial_{t}$uj) $|,=0^{=}(f_{j}, g_{\mathrm{j}})$ $(j=0,1, \cdots, N)$ , $x\in \mathbb{R}$ .
, $f_{j},$ $g_{j}\in C_{0}^{\infty}(\mathbb{R})$ . [ ’ , $u_{0},$ $u_{1},$ $u_{2},$ $\cdots$ )\Re $\mathrm{t}$} 1
. $tarrow\infty$ . :
1. $(\mathrm{i})-(\mathrm{i}\mathrm{i})$ :
(i) $mj=2mj-1$ $(j=1, \cdots, N)$ ,
(ii) $f_{0}$ $g_{0}$ O .
, $C_{1}\geq C_{2}>0$ $T\geq 1$ , $(E_{1})$
$C_{1}t^{(2^{j}-1)/2}\geq||$u$j$ (t) $||$ E(m$j$ ) $\geq C_{2}t^{(2^{j}-1)/2}$ for $t\geq T,$ $j=0,1,$ $\cdots,$ $N$
.
$||$w(t) $||E(m)=( \frac{1}{2}\int|\partial_{t}$w(t, $x$) $|^{2}+|\partial_{x}w(t,x)|^{2}+m^{2}|w(t,x)|^{2}dx)^{1/2}$
1. , $u_{j}$ * T $O(t^{(2^{j}-1)/2})$
. , $u_{1},$ $\cdots,$ $u_{N}$
2 , (i)
1 (1.1) \emptyset *‘}fb\mbox{\boldmath $\tau$} ,
$\int_{1}^{\infty}\frac{e^{i\omega t}}{t}dt$










($\square +m$\sim )$u+$j) $u_{N+}=u$j$-1=’ u_{N+1}^{2}+G(u_{N},\partial(j=1, \cdots,N)N)$ , $t>0,$ $x\in \mathbb{R}$ ,
( $u_{j},$ $\partial_{t}$uj) $|_{t=0}=(f_{j}, g_{j})$ $(j=0, \cdots, N+1)$ , $x\in \mathbb{R}$
. $m_{j}>0,$ $f$j, $g_{j}\in C_{0}^{\infty}(\mathbb{R}),$ $\partial=$ ( $\partial_{t},$ $\partial$x).
2. $N\geq 2$ . $(\mathrm{i}\mathrm{i}\mathrm{i})-(\mathrm{v})$ , (E2) :
(iii) $m_{j}=2m_{j-1}$ $(j=1, \cdots , N)$ ,
(iv) $f\mathrm{o}$ go $0$ ,
(v) $c>0$ , $(\phi, \psi)\in \mathbb{R}\mathrm{x}\mathbb{R}^{2}$
$G(\phi, \psi)\geq c(|\phi|^{2}+|\psi|^{2})$ .
2. , $u_{N+1}$ . , $G.\equiv 0$
$(\square +1)u=u^{2}$ , $t>0,$ $x\in \mathbb{R}$
,
( [4] 7 ).
3. , (v) $G($ \phi , $\psi)\geq c|\phi|^{2}$ ( 6
).
4. Keel and Tao [6] . , [6]
$m_{0}=m_{1}=\cdots=m_{N}=m_{N+1}=1$ $F$ $u$
, . [6] , 2
1
.
, . $\{(t, x)\in \mathbb{R}_{+}\cross \mathbb{R}|t^{2}-|x|^{2}>1\}$
$\tau=\sqrt{t^{2}-|x|^{2}}$ , $z=\tanh(x/t)$
18
$(t, x)\mapsto(\tau, z)$ ,
$u_{j}(t, x)= \frac{v_{j}(\tau,z)}{\tau^{1/2}}$
$v_{j}($ \mbox{\boldmath $\tau$}, $z)$ ,
(\partial \mbox{\boldmath $\tau$}2+mj2)vj=--\mbox{\boldmath $\tau$}ll/2\rightarrow -l+( )
. $v_{j}($\mbox{\boldmath $\tau$}, $z)$ $\tauarrow\infty$
$u_{j}$ (t, $x$ ) $tarrow\infty$ ,










$(t, x)\mapsto(\tau, z)$ ,
$=\tau^{-1/2}L\tau^{1/2}$
( $\tau^{1/2}$ ) .
$L= \frac{\partial^{2}}{\partial\tau^{2}}-\frac{1}{\tau^{2}}\frac{\partial^{2}}{\partial z^{2}}+\frac{1}{4\tau^{2}}$.
$v_{-1}(\tau, z)\equiv 0$ , $v_{j}(\tau, z)=\tau$1/2uj $(\tau\cosh z, \tau\sinh z)$ $(j=0,1, \cdots , N)$
, $(E_{1})$





$|| \phi(\tau)||_{e(m)}=(\int|\partial_{\tau}\phi(\tau, z)|^{2}+\frac{1}{\tau^{2}}|\partial_{z}\phi(\tau, z)|^{2}+m^{2}|\phi(\tau, z)|^{2}dz)^{1/2}$
$||$ ||e( ) . :
1. $j\in$ $\{$ 1, $\cdot$ . . , $N\}$ $l\in \mathrm{N}\cup\{0\}$ , $\tau\geq 1$
$||$ $v_{j}(\tau)||$ e(m$j$ )
$\leq C\tau^{(2^{f}-1)/2}$
.
. , 3 :
$\frac{d}{d\tau}||\phi(\tau)||_{e(m)}\leq\frac{C}{\tau^{2}}||\phi(\tau)||e(m)+C||$ $(L+m2)\phi(\tau$ , $\cdot$ $)||_{L}$2 $(\mathrm{R}_{z})$ ,
1






$\alpha_{j}($ \mbox{\boldmath $\tau$}, $z)$ . .
2. $j\in$ $\{0,1, \cdots, N\}$ , $\tauarrow\infty$ $z\in \mathbb{R}$
(2.2) $\alpha$j $(\tau, z)=c_{j}(\alpha(z))^{2^{j}}\tau^{2^{j-1}-1/2}+o(\tau^{2^{j-1}-1/2})$
. ,
$\alpha(z)=\alpha_{0}(1, z)+\int_{1}^{\infty}\frac{e^{-im\mathrm{o}\tau}}{im_{0}\tau^{2}}(\partial_{z}^{2}-\frac{1}{4})v_{0}(\tau, z)d\tau$.
, 9 0 :
$c_{j}= \frac{c_{j-1^{2}}}{2(2^{j}-1)im_{j}}$ , $c_{0}=1$ .
20
, $\alpha_{j}($ \mbox{\boldmath $\tau$}, $z)$
3. $j\in$ $\{0,1, \cdots, N\}$ $k\in$ {0,1}
|| \mbox{\boldmath $\tau$}k\mbox{\boldmath $\alpha$}j(\mbox{\boldmath $\tau$}, $\cdot$ )||L\sim $\leq C\tau^{(2^{j}-1)/2-k}$
.
3 . $k=0$ $\alpha_{j}$ 1 $\mathrm{t}^{}.\cdot$ . $k=1$
,
(2.3) $\frac{\partial\alpha_{j}}{\partial\tau}=\frac{e^{-im_{j}\tau}}{im_{j}}(\partial_{\tau}^{2}+m_{j^{2}})v_{j}=\frac{e^{-im_{j}\tau}}{im_{j}}\{\frac{1}{\tau^{1/2}}(v_{j-1})^{2}+\frac{1}{\tau^{2}}(\partial_{z}^{2}-\frac{1}{4})v_{j}\}$









. , 1 (i) 1 $e$ $i(2m_{j-1}-m_{j})\tau$
0
$\frac{\partial}{\partial\tau}[\alpha_{j}(\tau, z)-O(\tau^{2^{\mathrm{j}-1}-3/2})]=\frac{(\alpha_{j-1}(\tau,z))^{2}}{4im_{j}\tau^{1/2}}+O(\tau^{2^{j-1}-5/2})$
3 , $1\leq j\leq N$
(2.5) $\sup_{z\in \mathbb{R}}|\alpha j($ \mbox{\boldmath $\tau$}, $z)-\alpha j(1, z)$ $- \frac{1}{4im_{j}}\int_{1}^{\tau}(\alpha j-1$ $($ \sigma , $z))^{2}\sigma^{-1/2}d\sigma|\leq C\tau^{2^{j-1}-3/2}$ .
3 $\underline{e^{i\omega\tau_{T}}}f\mathrm{u}\tau=\tau_{\tau}\partial$ (
$\dot{.}$
$\tau\tau$ ) $+$ –e$‘\omega j\omega\tau$$\tau\xi^{\tau\lrcorner}-\frac{\mathrm{e}^{i\omega\tau}}{i\omega r}$ $f=|\alpha j-1|^{2},$ $\omega=-mj$ ,
3 .
21
$| \partial_{\tau}\alpha_{0}(\tau, z)|=\frac{1}{m_{0}\tau^{2}}|$ ($\partial_{z}^{2}-\frac{1}{4}$ ) $v_{0}(\tau, z)|\leq C\tau^{-2}$
(2.6) $\sup_{z\in \mathbb{R}}|\alpha_{0}(\tau, z)-\alpha(z)|\leq C\tau^{-1}$





$\sup_{z\in \mathrm{R}}|\alpha_{j}(\tau, z)|\leq C\tau^{\max\{0,2^{j-1}-}3/2\}$
. , $j$ $m_{j}\neq 2m_{j-1},$ $m_{j}\neq m_{j-1}$
.
4
$u_{j}$ (t, $x$) .
4. $K$ $\{y\in \mathbb{R} : |y|<1\}$ . $tarrow\infty$ $y\in K$
(2.7) $u_{j}(t, ty)={\rm Re}[a_{j}(y)e^{im_{j}t(1-|y|^{2})^{1/2}}]t^{2^{j-1}-1}+$ o$(t^{2^{j-1}-1})$ ,
(2.8) $(\partial_{t}u_{j})(t, ty)={\rm Im}[m_{j}\omega$0(y) $a_{j}(y)e^{im_{j}t(1-|y|^{2})^{1/2}}]t^{2^{\mathrm{j}-1}-1}+o(t^{2^{\mathrm{j}-1}-1})$ ,
(2.9) $(\partial_{x}u_{j})(t, ty)={\rm Im}[m_{j}(v_{1}(y)a_{j}(y)e^{im_{j}t(1-|y|^{2})^{1/2}}]t^{2^{f-1}-1}+o(t^{2^{j-1}-1})$
.
$a_{j}(y)=c_{j}(1-|y|^{2})^{(2^{\mathrm{j}-1}-1)/2}(\alpha(\tanh(y)))^{2^{j}}$ ,





$\{x\in \mathbb{R}|x=ty, y\in K\}\subset\{x\in \mathbb{R}|t^{2}-|x|^{2}>1\}$
. $\alpha_{j}($ \mbox{\boldmath $\tau$}, $z)$ 2
$u_{j}(t,ty)= \frac{1}{\tau^{1/2}}{\rm Re}[\alpha j(\tau, z)e^{im_{j}\tau}]$
$={\rm Re}[c_{j}(\alpha(z))^{2^{j}}e^{im_{j}\tau}]\tau^{2^{j-}}1-1+O(\tau^{2^{j-}}1-1)$
. $\tau=t(1-|y|^{2})^{1/2},$ $z=\tanh(y),$ $t>T_{K},$ $y\in K$ . (2.7)
.
$(\partial_{t}u_{j})(t,ty)=((c\mathrm{o}\mathrm{s}\mathrm{h}z)\partial_{\tau}$ $- \tau^{-1}(\sinh z)\partial_{z})(\frac{1}{\tau^{1/2}}vj($ \mbox{\boldmath $\tau$}, $z))$
$= \frac{\cosh z}{\tau^{1/2}}\partial_{\tau}v_{j}(\tau, z)-\frac{\cosh z}{2\tau^{3/2}}v_{j}(\tau, z)-\frac{\sinh z}{\tau^{3/2}}\partial_{z}v_{j}(\tau, z)$
$= \frac{\cosh z}{\tau^{1/2}}{\rm Im}[m_{j}\alpha_{j}(\tau, z)e^{im_{j}\tau}]+o(\tau^{2^{j-1}-1})$
$={\rm Im}[m_{j}(\cosh z)c_{j}(\alpha(z))^{2^{j}}e^{im_{j}\tau}]\tau^{2^{j-1}-1}+o(\tau^{2^{j-1}-1})$
( $\tau=t(1-|y|^{2})^{1/2},$ $z=\tanh($y), $t>T_{K},$ $y$ \in K) , (2.8) . (2.9)
. $\blacksquare$
5
4 , $y\in K,$ $t$ \gg 1
$|\partial_{t}$uj $(t, ty)|^{2}+|\partial$xuj $(t, ty)|^{2}+mj^{2}|uj(t, ty)|^{2}\geq m_{j}^{2}|aj(y)|^{2}t^{2^{j}-2}-o(t^{2^{j}-2})$
, $t$
$||$u$j(t)||_{E(m_{j})} \geq t^{1/2}(\int_{K}|\partial$tuj $(t,ty)|^{2}+|\partial_{x}u_{j}(t, ty)|^{2}+m_{j}^{2}|u_{j}(t, ty)|^{2}dy)^{1/2}$
$\geq m_{j}||a_{j}||_{L^{2}(K)}t^{(2^{j}-1)/2}-o(t^{(2^{j}-1)/2})$
$\geq\frac{1}{2}$mj $||$ aj $||_{L}$2 $(K)^{t}(2^{j}-1)$
/2






6. $H$ (t, $x$ ) $\nu>2,$ $C$ >0, $T\geq 0,$ $r$ >0
$\int_{T}^{t}\int_{\mathbb{R}}H(s, x)dxds\geq Ct^{\nu}$ $(t\gg T)$ ,
$H(t, x)=0$ $(|x|\geq t+r)$
. , $f,$ $g\in C_{0}^{\infty}(\mathbb{R}),$ $m\in \mathbb{R}$ . ,
$\{$





1 , 2 . , $H=G$ (uN, $\partial u_{N}$)
$T$ , (v) 1
$\int_{T}^{t}\int_{\mathrm{R}}H(s,x)dxds\geq c\int_{T}^{t}||$uN $(s, \cdot)||_{E}^{2}$(m$N$ )
$/s\sim>t^{2^{N}}$ $(t\gg T)$
6 ( $N\geq 2$ ).
6. 4
(3.1) $\lim_{tarrow}\sup_{\infty}\frac{1}{t^{2}}\int_{0}^{t}\int_{\mathbb{R}}|$uN$(s, x)|^{2}dxds=$ oo
, 6 , (v) $G(\phi, \psi)\geq c|\phi|^{2}$
2 . , (3.1) $u_{N}$ $L_{x}^{2}- \text{ }$
( 4 $L_{x}^{2}- \text{ }$ ).
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